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© An integrated memory cube structure and meth- 
od of fabrication wherein stacked semiconductor 
memory chips are integrated by a controlling logic 
chip such that a more powerful memory architecture 
is defined with the functional appearance of a single, 
higher level memory chip. A memory/logic cube is 
formed having N memory chips and at least one 
logic chip, with each memory chip of the cube 
having M memory devices. The controlling logic chip 
coordinates external communication with the N 
memory chips such that a single memory chip ar- 
chitecture with N x M memory devices appears at 
the cube's I/O pins. A corresponding fabrication 
technique includes an approach for facilitating metal- 
lization patterning on the side surface of the memory 
subunit. 
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T chnical Fi Id 

The present invention relates in general to high 
density electronic packaging which permits opti- 
mization of device performance within a given vol- 
ume. More particularly, the invention relates to an 
integrated memory cube structure and method of 
fabrication wherein stacked semiconductor memory 
chips are integrated with controlling logic such that 
a more powerful memory architecture having the 
functions of a single, higher level memory chip is 
presented to external circuitry. 

Background Art 

Conventionally, integrated circuit devices, such 
as memory devices, have been made from wafers 
of semiconductor material which include a plurality 
of integrated circuits. After a wafer is made, the 
circuits are separated from each other by dicing 
the wafer into small chips. Thereafter, the chips are 
bonded to carriers of various types, electrically 
interconnected by wires to leads and packaged. 

By way of improvement, high density elec- 
tronic packaging modules having multiple semicon- 
ductor chips have become popular. For example, 
U.S. Patent Nos. 4,525,921 and 4,646,128 by Car- 
son et al. disclose structure and fabrication tech- 
niques for producing one type of high density 
electronic processing package. Each of these pat- 
ents describes a semiconductor chip stack consist- 
ing of multiple integrated circuit chips adhesively 
secured together. A metallized pattern is provided 
on one of the side surfaces of the stack for elec- 
trical connection of the stack to external circuitry. 

This metallization pattern typically includes 
both individual contacts and bused contacts. The 
stack is positioned on an upper surface of a sub- 
strate such that electrical contact is made between 
the stack metallization pattern and a substrate sur- 
face metallization pattern. 

Traditionally, computer memory systems are 
assembled from many types of memory chips, 
such as, DRAMs, SRAMs. EPROMs and EEPR- 
OMs. The number of storage devices per memory 
chip technology generation varies but increases 
over time with more devices per chip being deliv- 
ered with each succeeding generation, thereby pro- 
viding greater memory capacity. When a next gen- 
eration memory chip becomes available, the num- 
ber of chips needed to make a given memory 
system is correspondingly reduced. With fewer 
memory chips needed, the resultant memory sys- 
tem becomes physically smaller. 

Next generation DRAM memory chips have 
traditionally increased by 4x the number of bits 
compared with the current generation technology. 
For example, assume that the current generation of 



memory chips comprises 16 megabit (Mb) chips, 
then by industry standards the next generation will 
comprise 64Mb memory chips. This 4x advance- 
ment from one generation of memory chip to the 

5 next is traditionally accomplished only with cor- 
responding advancement in semiconductor tool 
and process technologies, for example, sufficient to 
attain a 2x reduction in surface geometries. Due to 
this interrelationship, a significant interval of time 

io can pass between generations of memory chips. 
Therefore, a genuine improvement in memory sys- 
tem design and fabrication would be attained if 
current generation memory chips could be pack- 
aged to have the same functions and physical 

75 dimensions of an anticipated, next generation 
memory chip. The integrated memory cube struc- 
ture and fabrication techniques presented herein 
provide such an improvement. 

20 Disclosure of Invention 

Briefly summarized, the present invention com- 
prises in one aspect an integrated memory cube 
which appears to external, i.e., next level of pack- 

25 aging, circuitry to have a single memory chip ar- 
chitecture. The memory cube includes a combined 
memory chip and logic chip stack which has N 
memory chips (wherein N £ 2) and at least one 
logic chip. Each memory chip has M memory 

30 devices (wherein M £ 2), along with two substan- 
tially parallel planar main surfaces and an edge 
surface. The logic chip also has two parallel planar 
main surfaces and an edge surface. The chips are 
stacked such that at least one planar main surface 

35 of each chip is coupled to a planar main surface of 
an adjacent chip in the stack. The logic chip is 
electrically connected to each of the N memory 
chips and coordinates external communication with 
the N memory chips of the stack. The edge sur- 

40 faces of the memory chips and the edge surface of 
the logic chip align to form at least one side 
surface of the stack. The stack also has an end 
surface disposed parallel to the planar main sur- 
faces of the chips in the stack. The electrically 

45 connected logic chip and N memory chips have an 
integrated memory architecture which emulates a 
single memory chip structure with N x M memory 
devices. 

In another aspect, the present invention corn- 
so prises a method for fabricating an integrated mem- 
ory cube which functionally emulates a single 
memory chip architecture. The fabricating method 
includes the steps of: Providing N memory chips 
(wherein N Z 2) each having M memory devices 
55 (wherein M £ 2), along with two substantially par- 
allel planar main surfaces and an edge surface; 
providing a logic chip having two substantially par- 
allel planar main surfaces and an edge surface; 
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forming a stack by securing the N memory chips 
and the logic chip together such that at least one 
planar main surface of each chip in the stack is 
coupled to a planar main surface of an adjacent 
chip in the stack and such that the edge surfaces 5 
of the memory chips and the edge surface of the 
logic chip align to form at least one side surface of 
the stack, the stack also having an end surface 
disposed parallel to the planar main surfaces of the 
chips in the stack; and electrically interconnecting w 
the logic chip and the N memory chips, the logic 
chip coordinating external communication with the 
N memory chips of the stack such that an in- 
tegrated memory structure exists which emulates 
the functional characteristics of a single memory 75 
chip structure with N x M memory devices. A 
particularly novel process is also presented for 
facilitating side surface metallization of a plurality of 
semiconductor chip subassemblies using a sacrifi- 
cial materia) disposed between the subassemblies. 20 

A number of advantages are inherent in an 
integrated memory cube structure and fabrication 
approach in accordance with the invention. For 
example, the resultant structure can emulate a next 
generation memory chip using readily available ex- 25 
isting generation memory chips. The cube can 
have physical dimensions within industry standards 
for a next generation memory chip. Testing and 
burn-in of the logic chip and memory chips can be 
separately conducted. Further, any number of 30 
semiconductor chips can be employed within the 
cube. The number employed depends upon the 
memory chip architecture selected and the mem- 
ory cube architecture desired. 

35 

Brief D escription of Drawings 

These and other objects, advantages and fea- 
tures of the present invention will be more readily 
understood from the following detailed description 40 
of certain preferred embodiments of the present 
invention, when considered in conjunction with the 
accompanying drawings in which: 

Fig. 1 is a perspective view of one embodiment 

of an integrated memory cube pursuant to the 45 

present invention; 

Fig. 2 is a cross-sectional elevational view of the 
integrated memory cube of Fig. 1 taken along 
lines 2-2; 

Fig. 3 is a block diagram schematic of one 50 
embodiment of a controlling logic circuit for the 
memory cube of Fig. 1; 

Fig. 4 is an enlarged partial cross-section of one 
embodiment of the layers disposed between two 
opposing planar surfaces of adjacent memory 55 
chips within an integrated memory cube pursu- 
ant to the present invention; 



Fig. 5 is an elevational view of one embodiment 
of a memory stack and spacer layer subassem- 
bly in accordance with the present invention; 
and 

Fig. 6 is an elevational view of one embodiment 
of multiple subassemblies of Fig. 5 arranged in 
a single extended stack to facilitate side surface 
metallization processing of each subassembly in 
accordance with a fabrication technique pursu- 
ant to the present invention. 

Best Mode For Carrying Out The invention 

An integrated memory cube in accordance with 
the invention can be implemented using any one of 
a variety of available memory chip architectures. 
By way of example, the following discussion as- 
sumes that four 16Mb DRAMs are to be assembled 
in a stack. This memory cube emulates exactly a 
next generation memory chip, i.e., a 64Mb DRAM. 
This integrated function is accomplished by as- 
sociating a control logic chip with the stack of four 
memory chips. The resultant cube of four 16Mb 
DRAMs plus logic chip can be sized to fit within an 
industry standard 64Mb package, or if desired, a 
smaller package. Compared with single memory 
chips, there are significant processing, manufac- 
turability and cost advantages to an integrated 
memory cube structure in accordance with this 
invention. 

In the figures, which are not drawn to scale for 
ease of understanding, the same reference num- 
bers are used throughout multiple figures to des- 
ignate the same or similar components. Fig. 1 
depicts one embodiment of the integrated memory 
cube, generally denoted 10, pursuant to the inven- 
tion. In this embodiment, four memory chips <M) 14 
and one logic chip (L) 14' are connected in a stack 
12 having the shape of a rectangular parallelepi- 
ped. Each chip 14 & 14' in the stack has two 
substantially parallel planar main surfaces and an 
edge surface with at least one planar main surface 
of each chip being coupled to a planar main sur- 
face of an adjacent chip in the stack 12. Multiple 
layers 16 (see Figs. 2 & 4) are disposed between 
adjacent chips 14 & 14'. Each layer 16 contains 
appropriate transfer metallurgy 15 (Fig. 2) and pas- 
sivation insulation layers 17A to provide electrical 
I/O to the storage devices of the respective mem- 
ory chip 14. An adhesive layer 17 (Fig. 4) such as 
a Thermid® polymer (TM of National Starch and 
Chemical Co.) secures adjacent chips 14 & 14* 
together. Disposed at one end surface of stack 12 
is a preformed spacer layer 18 which has a center 
opening therethrough. 

In one embodiment, layer 18 comprises a Up- 
ilex (or alternative insulator) layer wherein the cen- 
ter opening is sized to expose at least a portion of 
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an array of contact pads 26 on the upper surface of 
logic chip 14*. The thickness of spacer layer 18 is 
sufficient to allow use of T-connects between trans- 
fer metallurgy on the upper surface of logic chip 
14' and the at least one side surface of stack 12. 
Transfer metallurgy 28 along the top surface of 
logic chip 14' connects at least some of contact 
pads 26 with a metallization pattern 20 on the at 
least one side surface of the stack. Capability for 
logic function programming of a memory cube is 
provided with wire 31 A in that specific logic func- 
tions are accessed by interconnecting surface pads 
26. Only two metallization patterns 20 are depicted 
in Fig. 1 for clarity. 

All intra-stack wiring between logic chip 14' 
and memory chips 14 comprises 16Mb wiring. Lay- 
ers 16 include transfer metallurgy 15 from each 
memory chip 1 4 to the at least one side surface of 
the stack. T-connects are employed at the interface 
between the transfer metallurgies 15 and metal- 
lization pattern 20. If desired, multiple side surfaces 
of stack 12 could accommodate buses or other 
wiring connections to the semiconductor memory 
chips (M) and/or the logic chip (L). 

A lead frame 32 is disposed above the ex- 
posed main surface of spacer layer 18. Lead frame 
32 also includes an inner opening extending from 
its upper main surface to its lower main surface. In 
the embodiment depicted, this inner opening is 
sized substantially identical to the inner opening in 
spacer layer 18. However, such sizing relationship 
is not a requirement. More important is that at least 
some of the array of contact pads 26 on the upper 
surface of logic chip 14* remain exposed for 
wirebonding, for example, via conventional wires 
31. External circuitry connects to module 10 via. for 
example, a lead 34. In actual implementation, there 
is a plurality of interconnections between logic chip 
14' and lead frame 32 and between logic chip 14' 
and metallization pattern 20 on the at least one 
side surface of stack 12. 

The 64Mb and 16Mb wiring connections are 
also shown in Fig. 2. In this figure, wire 31 com- 
prises 64Mb wiring, while wires 15, 28 and 20 
comprise 16Mb wiring. A plurality of thin-film wir- 
ings would typically connect each memory chip 
(M) and the logic chip (L) to the side surface 
metallization pattern (20). To complete the pack- 
age, an encapsulant (not shown) would surround 
the cube 10. The encapsulant coutd comprise any 
conventional encapsulating material. One feature to 
note is that external wiring (64Mb) to integrated 
memory cube 10 is separate from intra-cube wir- 
ing, i.e.. the 16Mb wiring. 

As noted, when packaged the dimensions of an 
integrated memory cube pursuant to the invention 
are such that the cube will fit within the target 
physical dimensions for a next generation memory 



chip. The basic m thod to "fit" an integrated mem- 
ory cube, comprised of current generation chips, 
e.g., 16Mb, into a plastic package that is smaller 
than the initial next generation, e.g., 64Mb, industry 

5 standard (JEDEC) package is to trade plastic en- 
capsulation rriaterial for additional silicon chips. 
Historically, initial next generation chip packaging 
grows in length and width proportional to next 
generation chip size. Plastic package height, how- 

io ever, has remained constant through several mem- 
ory chip technology generations. For a given chip 
technology generation, e.g., 16Mb, as the fabrica- 
tion processes and manufacturing tool technology 
mature, there is usually a complementary reduction 

75 in chip length and width, i.e., the chip size shrinks 
as the technology matures, with a commensurate 
reduction in plastic packaging size. In general, this 
shrinking proceeds to the point where the next 
generation chip approximately equals the size of 

20 the previous, fully mature, generation. Therefore, a 
memory cube that emulates a next generation 
technology, in accordance with the present inven- 
tion, can be readily fabricated to have smaller 
length and width than the initial single next genera- 

25 tion memory chip. The height of the memory cube 
plastic package can exactly meet the next genera- 
tion JEDEC height standards by reducing the thick- 
ness of the plastic encapsulant and/or reducing the 
thickness of the memory chips comprising the 

30 memory cube; thereby resulting in a smaller plastic 
package compared with single chip next generation 
packaging. 

Further, very little semiconductor area is re- 
quired to implement the logic functions described 

35 below. Therefore, extra area within logic chip 14' 
can be used for customer-specific applications. 
These applications include SRAM, psuedostatic 
RAM, error correction code, memory handshaking, 
and array built-in seK-testing. 

40 Inclusion of such applications on logic chip 14' 
could dramatically improve performance of the 
cube for customer-specific uses. 

Wirebond connecting logic chip 14* with pack- 
age lead frame 32 can be fabricated using "lead- 

45 on-chip" technology, as with any semiconductor 
chip. Metallization pattern 20, disposed on an in- 
sulator 21, is used to interconnect electrically the 
memory chips in stack 12 and the logic chip 52. T- 
connects are used to interconnect transfer metal- 

50 lurgy 15 with metallization 20 and spacer layer 18 
metallization 28 with metallization 20. The resultant 
structure is injection molded with a protective en- 
capsulant. The particular stacking configuration de- 
picted in Figs. 1 & 2 could obviously be general- 

55 ized for other integrated circuit chip stacks. For 
example, one or more of the memory chips in the 
stack could be replaced by a logic chip and/or a 
combined logic and memory chip. Further, the 
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number of semiconductor chips in the stack could 
be modified as needed for a particular implementa- 
tion. 

An overview of one embodiment of a control 
logic circuit in accordance with the present inven- 
tion is depicted in Fig. 3. This logic circuit, denoted 
70, receives address and control inputs 72 from a 
memory controller {not shown) or other externa! 
processing unit. Logic circuit 70 is designed to 
industry standards lor a next generation single 
memory chip input timings. For example, if the 
semiconductor memory chips in the stack com- 
prise 64Mb memory chips, then logic 70 would 
have the same I/O characteristics as a 256Mb 
single memory chip. A voltage regulator 71 can be 
provided to allow powering of logic circuit 70 by 
either a five volt or three volt source. This suggests 
another feature of the invention. If desired, the logic 
chip could be powered at a different voltage level 
than the supply provided to the chip stack 84. 

As a further example, four 4Mb x 4, 12/10 
addressable 16Mb memory chips are assumed to 
define stack 84. Each chip provides £ of a 64Mb 
memory array. Assume further that a desired prod- 
uct is a 13/11 addressable, 16Mb x 4 array. With 
such an input, 13 bits enter address buffers 74. 
Thus, a 12 bit signal is passed from address buffer 
74 to stack 84. During RAS time, one bit of the 
incoming 13 bits is split off and fed to a RAS 
decoder 86. Similarly, during CAS time, one bit of 
the received 11 bit signal is split off and fed to a 
CAS decoder 88. RAS and CAS timing pulses are 
received by a RAS enable buffer 76 and a CAS 
enable buffer 78. respectively, from module input 
72. 

Output from buffer 76 is a RASP signal com- 
prising a RAS pulse, positive active high. This 
pulse is output from RE buffer 76 whenever the 
bufler detects its input going low. The signal is also 
led to address buffer 74 to enable/disable the ad- 
dress buffers. Similarly, output CASP from CE buff- 
er 78 is fed to a write enable buffer 80 to provide 
enable/disable control. Output from RAS enable 
buffer 76 and one address from address buffer 74 
are fed to RAS decoder 86, which outputs two 
signals RE1 and RE2. Together, these signals se- 
lect two of the four memory chips in stack 84. Only 
signal REt or signal RE2 has an applied voltage 
(i.e., Is in active state) based upon the inputs 
received by RAS decoder 86. 

Note that the approach to selecting a particular 
semiconductor chip is dependent upon the archi- 
tecture employed. For example, if an 11/11 4Mb x 
4 semiconductor chip is used then two bits would 
be required for input to the RAS decoder. Upon 
receipt of an appropriate RASP pulse one of the 
four semiconductor chips would be directly se- 
lected by the RAS decoder. In such a case, the 



CAS decoder output would be connected to all four 
chips in stack 84. However, with 12/10 16Mb chips, 
CAS decoder 88 must output one of two signals 
CE1 and CE2. 

5 Signals CE1 and CE2 are fed to the memory 

chips of stack 84 in an interleaved fashion relative 
to signals RE1 and RE2. Thus, at RAS time, two of 
the four semiconductor chips are selected and at 
CAS time one of the two previously selected chips 
io is identified as containing the particular address to 
be accessed by the 12/10 address signal forwar- 
ded from address buffer 74 to the stack. The 
appropriate four data bits from the selected mem- 
ory chip will then be accessed and output via off 
is chip driver 98 to a main bus DO (0-3). 

A comparator is employed as a CBR detect 
circuit 90 to identify the JEDEC standard timing of 
when a CAS pulse occurs before a RAS pulse. 
Such an ordering occurs when the memory control- 
20 ler (or system controller) directs that a memory 
refresh should occur. A RAC counter 94 counts 
each CBR output pulse and sequentially directs 
which semiconductor chip in stack 84 is to be 
refreshed. Thus, sequential refreshing of semicon- 
25 ductor chips is ensured irrespective of which chip 
signal RAS 13 and signal CAS 11 identify. A self- 
time refresh (STR) circuit 92 also receives output 
from CAS before RAS detect 90. This circuit con- 
trols initiation of a "sleep mode" whereby if the 
30 CAS signal appears before the RAS signal and, for 
example, is held active for at least 100 micro- 
seconds, sleep mode for all four 16Mb x 4 semi- 
conductor chips are invoked via RAS decoder 86 
and CAS decoder 88. 
35 In addition to write enable buffer 80, an output 
enable buffer 82 receives pulse signals from said 
external source. Outputs from buffers 76, 78, 80 
and 82 are fed to a conventional tristate control 96 
which feeds off chip driver (OCD) 98 and a data in 
40 buffer 100. Tristate control 96 deselects the data in 
butler 100 when an output is being driven to bus 
DQ (0-3) or, alternatively, turns off OCD 98 when 
data is being received at buffer 100. 

Note that logic circuit 70 is in addition to the 
45 standard logic and timing circuits inherent on the 
16Mb semiconductor memory chips in stack 84. 
Logic circuit 70 comprises a control logic circuit 
designed to emulate a single semiconductor mem- 
ory chip, in this case a 64Mb chip. Thus, for a 
so particular implementation, logic circuit 70 is de- 
signed with two constraints. The first constraint 
comprises the known architecture of the selected 
memory chips in the stack, and the second con- 
straint comprises the JEDEC standard operation of 
55 a 64Mb chip. Further, note that logic circuit 70 can 
be employed in different memory I/O configura- 
tions. For example, if for a given application a by 
eight bit output is desired, then two cubes, each 
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having a control logic circuit 70 and four memory 
chips (each by four), can be coupled together to 
mimic the desired by eight architecture. 

Fabrication of an integrated memory cube in 
accordance with this invention is analogous in 
many respects to the fabrication approach pre- 
sented in co-pending U.S. Patent Application en- 
titled "Polyimide-lnsutated Cube Package of 
Stacked Semiconductor Device Chips," Serial No. 
08/080,453, filed on June 21, 1993, which is as- 
signed to the same assignee as the present ap- 
plication, and which is hereby incorporated herein 
by reference. 

Fig. 4 depicts an enlarged cross-section of two 
adjacent memory chips in an integrated memory 
cube pursuant to this invention. As noted pre- 
viously, layers 16 include, e.g., transfer metallurgy 
1 5, appropriate insulating layers 1 7A and an adhe- 
sive layer 17 to secure adjacent memory chips 
together. As a specific example, transfer metallurgy 
15 could comprise titanium/aluminum/copper, and 
would be surrounded by multiple insulating layers 
17A, for example, polyimide. Finally, an adhesive 
layer 17 is disposed upon these layers to allow 
adjacent chips to be secured together. A preferred 
commercially available adhesive is the above-re- 
ferenced Thermid®. 

Obviously, other inter-chip layer configurations 
could be employed by one skilled in the art without 
departing from the novel concepts set forth herein. 

Referring to Fig. 5, a preferred processing ap- 
proach is to produce multiple subassemblies 110 
comprising stacked memory chips 114, logic chip 
114' and a preformed spacer layer 118, for exam- 
ple, fabricated of Upilex. As shown in Fig. 6, these 
memory subassemblies are produced by stacking 
and laminating the individual components (114, 
114'. and 118) in the preferred configuration. Seg- 
mentation layer 112 (e.g., parylene). interposed be- 
tween memory subassemblies 110, is incorporated 
into stack 120 to facilitate segmentation of the 
subassemblies. Side face processing is comprised 
of insulation layer 115 and metallization layer 116. 
Once side surface metallization is complete, the 
subassemblies are segmented and cleaned. The 
resulting assembly of logic chip, memory chips 
and Upilex comprises the functional portion ol the 
cube. Once the lead frame is connected, the as- 
sembly can then be packaged using standard plas- 
tic encapsulation technology currently used for sin- 
gle-chip memory chips. 

Thus, cube fabrication is subdivided into five 
basic process sectors: (1) wafer-level processing 
where the transfer metal, polyimide passivation, 
and Thermid® polymer (trademark of National 
Starch and Chemical Co.) are deposited/applied 
onto the memory and logic chips still in wafer form; 
(2) dice and lamination processing where the wa- 



fers are diced into individual chips, then stacked 
and laminated into a cube format (Ffg. 5) with 
upper layers of Upilex 118 and parylene segmenta- 
tion polymer 112 (Fig. 6); (3) cube-level processing 
5 where thin-film deposition occurs on an assembly 
side surface (This last sector results in the elec- 
trical interconnection of the individual memory 
chips and the logic chip, and fabrication of a func- 
tional integrated memory cube.); (4) attachment 
70 and interconnection of the cube and lead frame; 
and (5) plastic encapsulation of this assembly. 

An advantage of a cube structure in accor- 
dance with the present invention is the separation 
of 64Mb wiring and 16Mb wiring. Referring to Figs. 
75 1 & 2, the 64Mb wiring connects the lead frame 
and contact pads on the logic chip, while the 16Mb 
wiring connects certain logic chip contact pads with 
the side surface metallization pattern and the trans- 
fer metallurgies on the memory chips. Thus, poten- 
20 tial wiring blockage or congestion problems from 
use of two different wiring types are minimized. 

Upilex is the trade name of a class of commer- 
cially available polymer films manufactured by UBE 
Industries, Inc. Upilex-S is a preferred one of these 
25 films. The specific polyimide used in Upilex-S films 
is BPDA-PDA. poly(bisphenyldianhydride-para- 
phenyldiamine). See the incorporated application 
for a detailed discussion and references on the 
preparation and properties of BPDA-PDA 
30 polyimide. There are a number of commercially 
available polyimide-based alternatives to Upilex-S 
that satisfy the technology needs of the present 
invention, including: Upilex-R (UBE Industries, Inc. 
trademark for a BPDA-ODA [poly- 
35 (bisphenyldianhydride-oxydianiline] film), Kapton-H 
(E.I. DuPont de Nemours & Co. trademark for a 
PMDA-ODA (pyromelliticdianhydride-oxydianiline]) 
film, and Kapton-E (E.I. DuPont de Nemours & Co. 
trademark). As can be seen, there is a wide range 
40 of candidate materials that can be used in prefor- 
ming the spacer layer. 

Further, one need not be restricted to just 
using a polyimide spacer layer. Alternatives that 
will accomplish the same function include: thin 
45 ceramic substrates, AIN substrates, and insulated 
Si. Upilex is the preferred embodiment, however, 
because it meets the technology requirements and 
is relatively inexpensive. 

With reference to the segmentation material, 
so parylene is the generic name for a family of poly- 
mers developed by Union Carbide. They are typi- 
cally prepared by vacuum pyrolysis of cyclic di- 
para-xylenes and their derivatives. According to a 
preferred fabrication process, parylene deposition 
55 occurs after flex deposition. Note that it is unneces- 
sarily restrictive to limit the present process 1o only 
having parylene as the segmentation material. The 
technology requirements for this material are: 
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1. a sufficient adhesive strength to "hold" stack 
assemblies together for side surface processing; 

2. an ability to withstand side surface processing 
temperatures; 

3. ability to withstand side surface processing 
environments and solvents; 

4. segmentability, i.e., allows segmentation of 
stacked cube assemblies at a temperature be- 
low approximately 400 • C (essentially it must be 
a material that goes through an appropriate 
phase transition below 400 * C); and 

5 an ability to remove the material from the top 
surface of the spacer and logic chip to attain an 
acceptable lead frame wirebond attachment, and 
an acceptable lead frame attachment. Removal 
methods include: thermal decomposition, plas- 
ma etching, wet etching, 0? ashing, and sol- 
vation. The specific method used depends upon 
the type and properties of segmentation material 
used. 

Parylene is a material that meets these require- 
ments, but there are other candidate materials that 
may also meet them, including: poly(alpha methyl 
styrene) and poly(methylmethacrylate). 

in addition, there are a large number of materi- 
als grouped together under the name of thermo- 
plastics from which one can choose specific ma- 
terials that meet these requirements. These ther- 
moplastics are also commercially available. 

The basic approach to segmentation is one 
where the temperature of the extended stack is 
elevated to a point for which a phase transition in 
the segmentation material occurs and a shear force 
is applied to the stack assemblies. Another ap- 
proach would be one tor which the temperature of 
the cubes is lowered to a point where the mechani- 
cal properties of the segmentation material are 
altered such that facile segmentation is possible. 
One can envision the limit of this being a cryogenic 
separation process where the temperature is lower- 
ed to a point that the segmentation material be- 
comes extremely brittle and the extended stack 
literally falls apart into the constituent cubes 

Depending upon the specific material used, the 
method of application will vary. As noted, parylene 
requires vacuum pyrolysis. Other easier and less 
costly candidate methods might employ: liquid dis- 
pensing, sptn applying, paste dispensing, and/or 
paste screening. 

With the above overview, one specific cube 
fabrication sequence is to: 

t . Align and stack memory logic chips and Up- 
ilex layer with parylene per Figs. 4 & 6; 

2. Laminate this assembled structure using ele- 
vated pressure and temperature; 

3. Polish at least one side surface, exposing the 
transfer metallurgy leads of the individual mem- 
ory chips; 



4.Preferentially etch back the Si from the pol- 
ished side surface(s) such that the transfer met- 
allurgy lead extends above the surface defined 
by the etched Si; 
5 5-Prepare at least one side surface for polyimide 
(PI), appiy and cure 

a. 0? plasma etch cube face 

b. Apply adhesion promoter 

- Currently an aminopropylsilane 
jo ■ Spin, apply and dry 

(Both of those steps are important, but are 
not absolutely required for this technology ); 
6.Apply and cure the side surface polyimide 

- Current PI is PMDA-ODA 

75 - Many polyimides can be used (see the 

incorporated application), 

- Currently polyamic acid PI precursor is 
spun applied to the cube face and oven 
cured to 350 *C in a N 2 -atmosphere; 

20 7.Polish the side surface(s) to expose the trans- 
fer metallurgy leads; 
8.Deposit cube face metallurgy 

a. Define thin film pattern using standard 
photolithographic techniques, 
25 - Each cube assembly in the large stack 

it treated independently from a 
photolithographic standpoint; therefore, 
cube assembly stacking tolerances are 
not critical; 
30 9.Subunit segmentation 

a. Cut cube face polyimide layer along par- 
ylene segmentation layer, 

- Current Technique: Scalpel 

- Alternatives include: Etching a trench 
35 and laser ablating a trench, 

b. Separate cube assembly from cube stack 

- Current Technique: Precision shearing 
of each subunit at elevated temperature 

- If parylene, more specifically Parylene- 
40 N, is the segmentation polymer, then 

the segmentation must occur above 
glass transition temperature (50-80 *C) 
and preferably above its melting point 
(approximately 230 'C) 

45 - and alternative to Parylene-N is Par- 

ylene-C, which has a glass transition 
temperature of 80 *C and a melting 
point of approximately 290 • C; 
10. Remove residual segmentation material from 

50 spacer layer and logic chip for each subunit 

- Elevated parylene above its thermal de- 
composition temperature (Parylene-N: 
320 -C, Parylene-C: 400 -C) 

- 0? plasma etch spacer layer surface 

55 - During thermal decomposition tempera- 

ture, an anneal of the T-Connect metal- 
lurgy is also achieved. 
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As noted above, 64Mb wiring and 16Mb wiring 
are employed in the specific example presented 
herein, however, the present invention is not re- 
stricted to this particular memory technology. Rath- 
er, reference to 16Mb wiring and 64Mb wiring is 
made to distinguish between the two diflerent wir- 
ing functions. Electrical connection to the contact 
pads of the logic chip is accomplished by ul- 
trasonically (or thermosonically) bonding a wire be- 
tween a logic chip and the lead frame surrounding 
the logic chip. 

At this point, assembly of the logic chip, spacer 
layer, and memory chips is completed. The resul- 
tant structure is a stand alone microelectronic en- 
tity that emulates a single integrated circuit mem- 
ory chip. The last step in the fabrication process is 
to "package" this entity. The most common way to 
package memory chips is to interconnect the chip 
I/O to a lead frame and then encapsulate the lead 
frame/chip assembly using plastic, i.e., to form a 
TSOP or SOJ. The same is done for an assembled 
structure in accordance with the present invention. 
Industry standard practices and materials for lead 
frame attachment, wirebond interconnection, and 
plastic encapsulation, using injection molding tech- 
niques, can be used to package this assembly. 
Once encapsulated, fabrication and packaging of 
the integrated memory module cube is complete. 

As set forth above, there are a number of 
inherent advantages in the integrated memory cube 
structure and fabrication approach of the present 
invention. The resultant structure emulates a next 
generation memory chip using readily available ex- 
isting generation memory chips. Further, a cube 
can have physical dimensions within industry stan- 
dards for an initial next generation memory chip. 

Testing and burn-in of the logic chip and mem- 
ory chips can be separately conducted, thereby 
identifying a potential defect at a lower level of 
assembly. Further, any number of semiconductor 
chips can be employed within a cube. The number 
employed depends upon the memory chip archi- 
tecture selected and the memory cube architecture 
desired. 

Although specific embodiments of the present 
invention have been illustrated in the accompany- 
ing drawings and described in the foregoing de- 
tailed description, it will be understood that the 
invention is not limited to the particular embodi- 
ments described herein, but is capable of numer- 
ous rearrangements, modifications and substitu- 
tions without departing from the scope of the inven- 
tion. The following claims are intended to encom- 
pass all such modifications. 



Claims 

1. An integrated memory cube which emulates a 
single memory chip architecture, said integrat- 

5 ed memory cube comprising: 

a combination memory chip and logic chip 
stack including 

(i) N memory chips (wherein N £ 2) each 
having M memory devices (wherein M S 2). 

70 along with two substantially parallel planar 

main surfaces and an edge surface, 

(ii) a logic chip electrically connected to 
each of the N memory chips for coordinat- 
ing external communication with the N 

T5 memory chips of the stack, said logic chip 

also having two parallel planar main sur- 
faces and an edge surface, and 

(iii) at least one planar main surface of each 
chip in t the stack being coupled to a planar 

20 main surface of an adjacent chip in the 

stack, the edge surfaces of the N memory 
chips and the edge surface ol the logic chip 
aligning to form at least one side surface of 
the stack, said stack also having an end 

25 surface disposed parallel to the planar main 

surfaces of the chips in the stack, said 
electrically connected logic chip and N 
memory chips having an integrated memory 
architecture to emulate single memory chip 

30 structure with N x M memory devices. 

2. The integrated memory cube of claim 1, 
wherein one of said two parallel planar main 
surfaces of said logic chip comprises an upper 

35 surface of the logic chip, and wherein said 
upper surface of the logic chip includes an 
array of contact pads, at least some of said 
contact pads of said array of contact pads 
comprising I/O contacts for external circuitry 

40 connection to the stack. 

3. The integrated memory cube of claim 2, 
wherein the logic chip is disposed at an end of 
the stack such that the upper surface of the 

45 logic chip comprises the end surface of the 
stack. 

4. The integrated memory cube of claim 3, fur- 
ther comprising a lead frame secured to the 

so stack adjacent its end surface, said lead frame 
having an inner opening extending thereth- 
rough such that at least a portion of the array 
of contact pads on the upper surface of the 
logic chip remains exposed. 

55 

5. The integrated memory cube of claim 4, fur- 
ther comprising conventional wirebonding elec- 
trically connecting the lead frame and at least 



8 



15 



EP 0 644 548 A2 



16 



some of the exposed contact pads of the array 
of contact pads on the upper surface of the 
logic chip. 

6. The integrated memory cube of claim 3, fur- 5 
ther comprising a spacer layer disposed on the 

end surface of the stack, said spacer layer 
having an inner opening extending thereth- 
rough and sized to expose at least a portion of 
the contact pads on the upper surface of the w 
logic chip, said spacer layer having a thickness 
sufficient to allow formation of T-connects 
along the at least one side surface of the stack 
adjacent to the upper surface of the logic chip. 

75 

7. The integrated memory cube of claim 6, fur- 
ther comprising a lead frame secured to on 
exposed surface of the spacer layer, said lead 
frame also having an inner opening extending 
therethrough sized such that the contact pads 20 
exposed through the spacer layer are also 
exposed through the lead frame. 

8. The integrated memory cube of claim 7, fur- 
ther comprising conventional wirebonding elec- 25 
trically connecting the lead frame and at least 
some of the exposed contact pads on the 
upper surface of the logic chip. 

9. The integrated memory cube of claim 2, 30 
wherein at least two of said contact pads of 

said array of contact pads are electrically inter- 
connected for logic function programming. 

10. The integrated memory cube of claim 1, as 
wherein the logic chip includes logic means for 
holding each of said N memory chips of the 
stack in a sleep mode in response to a control 
command received from external circuitry. 

40 

11. The integrated memory cube of claim 1, 
wherein the logic chip is electrically connected 
to receive an address signal from external cir- 
cuitry and wherein the logic chip includes logic 
means for decoding the address signal to iden- 45 
tify at least one memory chip of the N memory 
chips having a memory device addressed by 

the address signal. 

12. The integrated memory cube of claim 1, 50 
wherein the logic chip includes logic means for 
sequentially refreshing each of the N memory 
chips in the stack. 

13. The integrated memory cube of claim 12, 55 
wherein the logic means for sequentially re- 
freshing includes a counter connected to se- 
quentially track which memory chip of said N 



memory chips in the stack is to be refreshed. 

14. The integrated memory cube of claim 1, 
wherein the logic chip includes logic means for 
regulating a received voltage to an on-chip 
voltage for powering at a desired level. 

15. The integrated memory cube of claim 1, 
wherein N equals four. 

16. The integrated memory cube of claim 1, 
wherein the N memory chips each comprise a 
RAM chip. 

17. The integrated memory cube of claim 1, 
wherein at least some of the N memory chips 
include transfer metallurgy extending to the at 
least one side surface of the stack, and 
wherein the integrated memory cube further 
comprises a metallization pattern disposed on 
the stack's at least one side surface and elec- 
trically connecting the transfer metallurgy ex- 
tending thereto. 

18. The integrated memory cube of claim 17, 
wherein the metallization pattern disposed on 
the stack's at least one side surface electrically 
connects with the transfer metallurgy extending 
to the at least one side surface of the stack via 
T-connects. 

19. The integrated memory cube of claim 18, 
wherein the logic chip is disposed adjacent to 
the end surface of said stack and includes 
transfer metallurgy extending to the at least 
one side surface of the stack, and wherein the 
integrated memory cube further comprises a 
spacer layer covering the logic chip and hav- 
ing an edge aligned with the at least one side 
surface of the stack, the spacer layer having a 
width and thickness sufficient to allow T-con- 
nects between the transfer metallurgy on the 
logic chip extending to the at least one side 
surface of the stack and the metallization pat- 
tern disposed on the at least one side surface 
of the stack. 

20. A method for fabricating an integrated memory 
cube which emulates a single memory chip 
architecture, said fabricating method compris- 
ing the steps of: 

(a) providing N memory chips (wherein N 2 
2) each having M memory devices (wherein 
M 2 2), along with two substantially parallel 
planar main surfaces and an edge surface; 

(b) providing a logic chip having two sub- 
stantially parallel planar main surfaces and 
an edge surface; 
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(c) forming a stack by securing the N mem- 
ory chips and the logic chip together such 
that at least one planar main surface of 
each chip in the stack is coupled to a planar 
main surface of an adjacent chip in the 
stack, and such that the edge surfaces of 
the memory chips and the edge surface of 
the logic chip align to form at least one side 
surface of the stack, the stack also having 
an end surface disposed parallel to the 
planar main surfaces of the chips in the 
stack; and 

(d) electrically interconnecting the logic chip 
and the N memory chips, said logic chip 
coordinating external communication with 
the N memory chips of the stack so that an 
integrated memory structure exists which 
emulates the functional characteristics of a 
single memory chip structure with N x M 
memory devices. 

21. The fabricating method of claim 20, wherein 
the electrical interconnecting step (d) includes 
disposing a metallization pattern on the at least 
one side surface of the stack to electrically 
interconnect the logic chip and the N memory 
chips. 

22. The fabricating method of claim 21, wherein 
each of the N memory chips and the logic chip 
provided in said steps (a) & (b), respectively, 
include transfer metallization extending to the 
at least one side surface of the stack, and 
wherein the electrical interconnecting step (d) 
further includes the step of forming T-connects 
along at least one side surface of the stack to 
electrically interconnect the metallization pat- 
tern with at least some ol the transfer metallur- 
gies extending to the at least one side surface 
of the stack. 

23. The fabricating method of claim 22, wherein 
said stack forming step (c) includes forming 
the stack such that the logic chip comprises an 
end chip in the stack adjacent to the end 
surface of the stack, and wherein said fabricat- 
ing method further comprises the step of dis- 
posing a spacer layer on the end surface of 
the stack so that the electrical connecting step 
(d) includes electrically connecting the stack's 
side surface metallization pattern to the trans- 
fer metallurgy extending from the logic chip to 
the at least one side surface of the stack using 
T-connects. 

24. The fabricating method of claim 23, wherein 
said providing step (b) includes providing a 
logic chip having an upper surface with an 



array of contact pads disposed thereon, and 
further comprising the step of preforming the 
spacer layer disposed on the end surface of 
the stack, said preforming of the spacer layer 

5 including providing an inner opening extending 

through the spacer layer such that when the 
spacer layer is disposed on the end surface of 
the stack at least some of the array of contact 
pads on the upper surface of the logic chip 

70 remain exposed. 

25. The fabricating method of claim 24, further 
comprising the step of securing a lead frame 
to an exposed surface of the spacer layer, the 
75 lead frame having an inner opening extending 

therethrough such that the contact pads ex- 
posed through the spacer layer remain ex- 
posed. 

20 26. The fabricating method of claim 25, wherein 
said electrical interconnecting step (d) includes 
forming conventional wirebonds between at 
least some of the exposed contact pads on the 
upper surface of the logic chip and the lead 

25 frame. 

27. The fabricating method of claim 21, wherein 
said step of disposing a metallization pattern 
on the at least one side surface of the stack 

30 includes the steps of: 

forming multiple stacks, each stack having N 
memory chips and a logic chip secured to- 
gether such that a planar main surface of each 
chip in the stack is coupled to a planar main 

35 surface of an adjacent chip in the stack, each 

stack having an end surface and at least one 
side surface; 

forming an extended stack of the multiple 
stacks by disposing a segmentation material 

40 between the end surfaces of adjacent stacks in 

the extended stack, said segmentation material 
being removable upon applying of a predefin- 
ed treatment to the extended stack, said ex- 
tended stack being formed such that the at 

45 least one side surfaces of the multiple stacks 

align in a common plane; 
forming a metallization pattern on the at least 
one side surfaces of the multiple stacks in the 
extended stack; and 

so disassembling the extended stack by applying 
the predefined treatment to the extended stack 
such the segmentation material is removed, 
thereby separating the multiple stacks with the 
metallization patterns disposed thereon. 

55 

28. The fabricating method of claim 27, wherein 
the extended stack forming step includes plac- 
ing parylene between end surfaces of adjacent 
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stacks in the extended stack. 

29. The fabricating method ol claim 20, further 
comprising the step of testing and burning-in 
each of the N memory chips and the logic chip 5 
prior to said stack forming step (c). 

30. The fabricating method of claim 20, further 
comprising the step of providing and elec- 
trically connecting I/O leads to the logic chip io 
and encapsulating the stack such that said I/O 
leads extend therefrom. 
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